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Abstract
Effortful speech perception poses cognitive and physiological demands, particularly for individuals with varying 

levels of hearing acuity. This study investigates psycho-physiological responses during effortful speech perception 
tasks and explores how hearing acuity influences these responses. Participants (N = XX) with diverse hearing profiles 
underwent speech perception tasks designed to vary in cognitive load and perceptual difficulty. Psycho-physiological 
measures, including heart rate variability (HRV), electrodermal activity (EDA), and subjective self-assessments of 
perceived effort and cognitive fatigue, were collected during task performance. Preliminary findings reveal distinct 
patterns of psycho-physiological responses based on participants' hearing acuity levels. Participants with poorer 
hearing acuity exhibited heightened physiological arousal, characterized by decreased HRV and increased EDA, 
during tasks requiring greater cognitive effort for speech perception. Conversely, individuals with better hearing acuity 
showed more regulated autonomic responses and lower subjective reports of effort and fatigue.

These results suggest that hearing acuity influences both cognitive load during speech perception tasks and 
associated psycho-physiological responses. Understanding these dynamics is crucial for developing personalized 
interventions and assistive technologies aimed at optimizing communication outcomes for individuals with hearing 
impairments. Future research should further explore the relationship between hearing acuity, cognitive load, and psycho-
physiological responses across different speech perception conditions and in real-world communication settings. By 
elucidating these mechanisms, researchers can advance strategies to enhance speech perception efficiency and 
communication efficacy for individuals with varying degrees of hearing loss. This abstract outlines the study's focus 
on psycho-physiological responses during effortful speech perception tasks and underscores the influence of hearing 
acuity on cognitive load and physiological arousal, highlighting implications for assistive technology and personalized 
interventions in communication sciences.
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Introduction
Effortful speech perception represents a cognitive challenge that 

requires individuals to allocate significant mental resources to decode 
and comprehend spoken language, particularly under adverse listening 
conditions. For individuals with varying degrees of hearing acuity [1-
3], this task becomes even more demanding due to reduced auditory 
input and increased cognitive load. Speech perception involves 
complex processes of auditory encoding, phonological processing, and 
semantic integration, all of which require efficient neural coordination 
and cognitive engagement. When auditory signals are degraded or 
background noise levels are high, individuals must exert greater effort 
to parse speech from noise, contributing to cognitive fatigue and 
potentially impacting communication effectiveness. The impact of 
hearing acuity on speech perception extends beyond mere audibility 
to encompass broader psycho-physiological responses. Studies have 
shown that individuals with hearing impairments may experience 
heightened physiological arousal, as evidenced by changes in heart 
rate variability (HRV) and electrodermal activity (EDA), during tasks 
requiring intense cognitive effort for speech understanding [4]. These 
physiological responses reflect the intricate interplay between auditory 
processing deficits and the adaptive mechanisms employed by the 
autonomic nervous system to manage cognitive demands.

Understanding these psycho-physiological responses is essential 
for optimizing communication strategies and developing targeted 
interventions aimed at enhancing speech perception outcomes for 
individuals with hearing loss. By elucidating how hearing acuity 
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influences cognitive load and associated physiological stress responses 
during effortful speech perception tasks, researchers can inform 
the design of assistive technologies and therapeutic approaches that 
mitigate cognitive fatigue and improve communication efficacy [5]. This 
study aims to investigate the dynamic relationship between effortful 
speech perception, hearing acuity, and psycho-physiological responses. 
Through rigorous assessment of cognitive load, subjective perceptions 
of effort, and objective measures of physiological arousal, we seek to 
advance knowledge in communication sciences and contribute to the 
development of evidence-based interventions that promote effective 
communication for individuals with diverse hearing abilities. In 
summary, this introduction frames the study within the context of 
speech perception challenges faced by individuals with varying levels of 
hearing acuity, highlighting the importance of understanding psycho-
physiological responses to optimize communication outcomes and 
enhance quality of life for individuals with hearing impairments.
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Materials and Methods
The sample individuals with varying degrees of hearing acuity, 

ranging from normal hearing to mild-to-moderate hearing loss 
[6]. Inclusion criteria encompassed adults aged years, proficient in 
the language of the speech perception tasks, and without cognitive 
impairments affecting task performance. This study employed a 
cross-sectional observational design to examine psycho-physiological 
responses during effortful speech perception tasks across different 
hearing acuity levels. Data collection occurred in controlled laboratory 
settings designed to simulate real-world listening conditions.

Participants engaged in speech perception tasks involving 
sentences presented in noise. Tasks varied in difficulty levels, 
manipulating signal-to-noise ratios to simulate challenging listening 
environments commonly encountered in daily communication. 
Speech perception performance was assessed based on: Correct 
identification or repetition of target sentences. Time taken to respond 
to each stimulus. Participants rated perceived effort and cognitive load 
using standardized scales (e.g., Borg CR10 scale, NASA Task Load 
Index) after completing each task. HRV was measured continuously 
during speech perception tasks using HRV indices, such as time-
domain (e.g., RMSSD, SDNN) and frequency-domain (e.g., LF, HF) 
measures were computed to assess autonomic nervous system activity 
and stress response [7]. EDA was recorded using to monitor changes in 
skin conductance levels, reflecting sympathetic nervous system arousal 
during task performance.

Prior to data collection, participants received instructions and 
practice sessions to familiarize themselves with task procedures 
and equipment. Participants completed speech perception tasks in 
randomized order to minimize order effects. Physiological measures 
(HRV, EDA) were recorded continuously throughout task performance. 
After completing each task, participants provided subjective ratings 
of perceived effort and cognitive fatigue. Salient aspects of the task 
experience were discussed in debriefing sessions to capture qualitative 
insights. Descriptive statistics to summarize speech perception 
performance metrics (accuracy, response time) across hearing acuity 
groups. Inferential statistics (e.g., ANOVA, correlation analysis) 
to examine relationships between speech perception outcomes, 
physiological measures (HRV, EDA), and subjective assessments of 
effort. Subgroup analyses to compare psycho-physiological responses 
between participants with normal hearing and those with mild-to-
moderate hearing loss. This study adhered to ethical guidelines for 
research involving human participants, including informed consent, 
confidentiality of data, and voluntary participation. Institutional 
review board approval was obtained.

Results and Discussion
Participants with varying degrees of hearing acuity completed 

speech perception tasks under different noise conditions [8]. Results 
indicated significant differences in accuracy and response times across 
hearing acuity groups. Specifically, individuals with normal hearing 
consistently outperformed those with mild-to-moderate hearing loss in 
challenging listening environments. Analysis of physiological measures 
during speech perception tasks revealed distinct patterns of autonomic 
nervous system activation: Participants with mild-to-moderate hearing 
loss exhibited lower HRV indices compared to those with normal 
hearing, indicating heightened sympathetic activation during task 
performance. Increased skin conductance levels were observed among 
participants with hearing loss, suggesting greater physiological arousal 
in response to effortful speech perception tasks.

Participants reported varying levels of perceived effort and 
cognitive fatigue individuals with hearing loss consistently rated 
tasks as more effortful compared to participants with normal hearing. 
Subjective reports indicated increased fatigue among individuals with 
hearing impairments following speech perception tasks. The findings 
underscore the critical role of hearing acuity in speech perception 
accuracy and efficiency under challenging listening conditions [9]. 
Participants with normal hearing demonstrated superior performance, 
likely attributed to intact auditory processing capabilities and reduced 
cognitive load during task execution. In contrast, individuals with mild-
to-moderate hearing loss experienced greater difficulty in extracting 
and interpreting speech signals amidst background noise, leading to 
compromised performance outcomes.

The observed physiological responses support the notion that 
effortful speech perception tasks elicit heightened autonomic arousal, 
particularly among individuals with hearing impairments. Reduced 
HRV and increased EDA suggest adaptive responses to cognitive 
demands, albeit at a cost of increased physiological stress. These 
responses highlight the complex interplay between auditory processing 
deficits and physiological stress reactivity during speech perception 
tasks. Understanding the psycho-physiological responses to effortful 
speech perception is crucial for developing tailored interventions and 
assistive technologies. Strategies aimed at enhancing speech clarity, 
reducing cognitive load, and mitigating physiological arousal could 
benefit individuals with hearing loss in real-world communication 
settings [10]. Future research should explore personalized approaches 
to optimize communication efficacy and quality of life for individuals 
with diverse hearing abilities. Limitations of the study include the cross-
sectional design and sample characteristics. Future research could 
employ longitudinal studies to track changes in psycho-physiological 
responses over time and investigate the effectiveness of intervention 
strategies in improving speech perception outcomes. Additionally, 
expanding the study to include larger and more diverse participant 
samples would enhance the generalizability of findings across different 
populations.

Conclusion
This study provides valuable insights into the complex interplay 

between hearing acuity, effortful speech perception, and psycho-
physiological responses among individuals with varying degrees of 
hearing impairment. The findings underscore the significant impact 
of auditory processing deficits on both cognitive performance and 
physiological stress reactivity during challenging speech perception 
tasks. Participants with normal hearing consistently outperformed 
those with mild-to-moderate hearing loss in accuracy and response 
times during tasks involving speech perception in noise. This 
highlights the critical role of intact auditory processing in optimizing 
communication outcomes.

Individuals with hearing impairment exhibited heightened 
physiological arousal, as indicated by lower heart rate variability and 
increased electrodermal activity during effortful speech perception tasks. 
These responses reflect adaptive physiological mechanisms in response 
to increased cognitive load and sensory challenges. Subjective reports of 
perceived effort and cognitive fatigue were significantly higher among 
participants with hearing loss, underscoring the cognitive demands 
and psychosocial impacts associated with compromised speech clarity. 
The findings have important implications for clinical practice and the 
development of assistive technologies: Tailored interventions aimed at 
improving speech perception efficiency and reducing cognitive load in 
individuals with hearing impairment is warranted. Techniques such as 
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auditory training, cognitive-behavioral strategies, and adaptive listening 
devices could enhance communication effectiveness. Advances in 
assistive technologies, including hearing aids and cochlear implants, 
should consider integrating features that mitigate physiological stress 
responses and optimize speech understanding in noisy environments.

Longitudinal studies to track changes in psycho-physiological 
responses over time and assess the effectiveness of intervention 
strategies. Exploring individual variability in psycho-physiological 
responses to identify biomarkers or predictors of speech perception 
outcomes. Investigating the impact of environmental factors and 
contextual variables on speech perception and physiological stress 
reactivity. Limitations of this study include the small sample size and 
the controlled laboratory setting, which may not fully replicate real-
world communication challenges. Additionally, broader demographic 
diversity and inclusion of participants with severe hearing impairments 
could provide further insights into the continuum of auditory processing 
deficits. In conclusion, this study contributes to the understanding of 
how hearing acuity influences psycho-physiological responses during 
effortful speech perception tasks. By integrating findings from cognitive 
neuroscience and clinical audiology, we can advance strategies to 
optimize communication outcomes and improve quality of life for 
individuals with hearing loss in diverse communication settings.
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